Surface characterization of polyester resins formulated with different cross-linking agents by Marino, P et al.
Surface Characterization of Polyester Resins 
Formulated with Different Crosslinking Agents.    
 
Paolo Marino1, Chris Lowe2, Steve Hinder1, Marie-Laure Abel1 and John F. Watts1. 
 
1. The Surface Analysis Laboratory, University of Surrey, Guildford, Surrey, GU2 7XH, UK. 
2. Becker Industrial Coatings Ltd, Goodlass Road, Speke, Liverpool, L24 9HJ, UK. 
 
 
Abstract 
 
 
Coil Coating is an industrial process widely used to apply a paint layer to metal coil 
stock, in order to improve the resistance to corrosion as well as the aestetics of the 
surface.  
 
Three thermally cured coatings, formulated on a low Tg ispophtalic based polyester, 
were investigated by XPS and ToF-SIMS. A model formulation was employed for all 
three coatings investigated, however, the crosslinking agents used were varied for 
each formulation. Hexamethoxymethyl melamine (HMMM), tris isocyanurate (TIC) 
and a combination of HMMM and TIC were included as the cross linking agents in 
the three coating formulations. The use of TIC alone required a Sn based catalyst to 
promote the curing reaction. 
  
The aim of this work was to investigate the difference in the surface composition of 
the three coatings and the different behaviour of the different crosslinking agents 
used. This was in preparation for further studies which will involve interfacial 
analysis in order to elucidate the mechanism behind intercoat adhesion. 
 
The XPS analysis of the air/coating surfaces revealed a nitrogen concentration 
consistent with the concentration expected from the formulation for the coating 
containing HMMM. In the other two formulations a lower concentration then that 
calculated from the formulation was observed. The surface concentration of the two 
crosslinking agents is not influenced by the presence of the others, indeed the 
formulation containing both crosslinking agents is, in term of nitrogen concentration, 
merely a simple combination of the other two coatings.  
Peaks diagnostic of the cross linking agents were observed in ToF-SIMS spectra 
acquired from the air/coating surfaces. The coating with HMMM revealed peaks not 
present on the coating with TIC and vice versa, however the coating with a 
combination of HMMM and TIC showed all the peaks, with different relative 
intensities. In the positive spectrum of the sample with TIC the characteristic pattern 
of the tin catalyst can be observed. 
By XPS and ToF-SIMS analysis, we have been able to determinate that the HMMM 
and the TIC have a different distribution on the coating/air surface. Their distribution 
is not affected by the presence of the other crosslinking agent. 
 
 
 
Introduction 
 
 
Coil Coating is an industrial process widely used to apply a paint layer to metal coil 
stock, steel or aluminium usually, in order to improve the resistance to corrosion, as 
well as the aesthetics of the product. The high speed of the process and the possibility 
to coat both sides of the metal strip at the same time are two of the foremost features 
of this coating process. 
A wide variety of coating types can be applied, both thermoplastics and 
thermosetting, coatings that can be thermally or UV cured, that at the moment are 
being developed for use in the future. In the case of thermally cured thermosetting 
resins, the crosslinking agent included in the formulation plays a crucial role in 
determining the properties of the final coating. 
In previous works[1,2], the air/coating surface of several samples based on 
hexamethoxymethyl melamine have been deeply investigate. 
The aim of this work was to investigate a coating cured using a different crosslinking 
agent, namely a tris-isocyanate (TIC), in comparison to an HMMM crosslinked 
coating, to understand the differences between the two and to try to predict their 
adhesion properties. A sample presenting a combination of the two has also been 
studied, to understand if a crosslinking is influenced by the presence of the other. 
 
 
Experimental 
 
 
Sample preparation 
 
 
Three thermally cured coatings, formulated on a low Tg isophtalic based polyester, 
figure 1, were studied. A model formulation was employed for all the three coatings, 
however, the crosslinking agent, figure 2, used was varied for each formulation.  
They were derived from commercial products, for this reason the complete 
formulations will not be given. Apart from the crosslinking agent, the only difference 
between the three samples is the presence of a Tin based catalyst in the sample with 
the TIC as the only crosslinking agent. The curing time and temperature were the 
same for all the systems. Hereinafter, the samples will be called with the name of the 
crosslinking agent used, HMMM, TIC and Comb for the one where both were used. 
 
 
 
Surface Analysis 
 
 
The XPS analyses were performed using a VG Scientific ESCALAB Mk II electron 
spectrometer, twin anode source, using the Al kα at 300W. Survey spectra (0-1350eV) 
were recorded using pass energy of 100eV, a step size of 0.4eV. The narrow scan 
spectra were recorded using pass energy of 20ev and a step size of 0.1eV for the C1s 
peak and of 0.2 eV for all the others. 
SIMS spectra were acquired on an ToF-SIMS5(ION_TOF GmbH), using Bi3+ as 
primary ions, operating in high current bunched mode, on an area of 100x100 µm, at a 
resolution of 64x64 pixels. During all the analysis, a flood gun was on, to compensate 
for the samples charging. All the analyses were performed under the SIMS static 
limit, i.e. ion dose of 1013 ions/cm2. 
 
 
Results 
 
 
XPS analysis 
 
A survey spectrum was recorded for every coating. The C1s, 285eV, the O1s, 532eV, 
N1s, 400eV are the main peaks in the survey spectra. Sn3d doublet, at 487 and 
495eV, is a feature of the survey spectrum of the TIC. The surface compositions of 
the three coating are given in Table 1. 
The peak-fitting was used to identify all the components in the carbon peaks. The 
same full width at half-maximum (FWHM) was used for all the components in the 
fitting of the three C1s peaks, value 1.36. For the fitting of the high resolution spectra, 
the relative ratios between components, and their binding energies, taking for 
reference the exacts formulation of the samples and the Beamson and Briggs work[3], 
were used to ensure a good quality work. In figure 3 the C1s of the Comb is shown. 
Eleven different components were used for the fitting. Five components come from 
the basic resin, 3 from each cross-linking agent. The fitting of the other two sample 
required the used of 8 components. The peaks used in the fitting, and their surface 
concentration are reported in Table 2. 
 
 
SIMS analysis 
 
 
Positive and negative spectra were acquired for the three samples, in the 0-800 mass/u 
range. The general pattern of the spectra, both in positive and negative, is the same for 
the three coatings, however, it is possibly to identify some peaks that characterized 
the two different cross-linking agents used. These peaks can be identified only by 
checking the high resolution peaks. Peaks present in the TIC spectra are not in those 
of HMMM, and vice versa. All of these peaks can be found even in the Comb sample, 
that presents all of the peaks given by the resin and the cross-linking agents, but no 
the peaks due to the Tin catalyst employed in the TIC coating. Peaks relative at this 
catalyst appear only in the TIC spectra. 
 
 
Discussion 
 
 
The nitrogen can only come from the cross-linking agent or agents used, so using 
their concentration values, their distributions in the air/coating surface were studied. 
This value is very close to the one expected from the formulation for the HMMM, 
observed 1.4% calculated 1.9%, however for the TIC the value is lower, 1.0% versus 
2.4%. When the two cross linking agent were used in combination, the nitrogen 
concentration is equal to the addition of the values of two when they are alone. 
Analyzing the results of the fitting for the C1s peaks, Table 2, the same can be 
observed. The concentration of the components coming from the cross linking agents 
do not change when they are alone and when there are used in combination. This 
seems to show that the two cross linking agents do not influence each other. 
According to Hinder et al[4], the higher the nitrogen concentration the better the 
adhesion of a coating with a top coat, so, the coating cured with TIC is expected to 
yield a worse adhesion than the coating cured with HMMM, if this hypothesis is 
correct. 
The SIMS spectra suggest the presence of the cross linking agent in the first atomic 
layer of the coating. In all the positive spectra, a very strong peak at 99 m/z can be 
observed. This peak, due to the C4H3O3 fragment, is characteristic of the flow aid 
included in the formulation. 
Previous studies into coatings cured with melamine had demonstrated the migration 
of the flow aid agent in the air/coating surface. According to the data, we can assume 
that the flow aid migrates in the air/coating surface even for the coating cured with 
TIC and with the combination of the two cross linking agents, so, this migration is not 
influenced by the cross linking agent included in the formulation. 
The presence in the spectra of peaks due to the basic resin and the cross linking 
agents, figure 5, indicates that the flow aid layer is not homogeneous. 
 
 
Conclusions 
 
 
XPS and SIMS were used to investigate the influence of a cross linking agent in the 
composition of the external surface of a coating. The two cross linking agents used 
showed a different distribution, with the HMMM, being more concentrated in the 
air/coating surface then the TIC. When used together, their distributions do not 
change. The flow aid included in the formulation migrates to the air/coating surface in 
all the samples, it is not influenced by the cross linking agent used. In any case, the 
observation of peaks characteristics of the basic resin and of the cross linking agent 
indicates that the flow aid layer does not exclude them from the air/coating surface. 
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Figure 2 Fitting of the C1s high resolution spectrum of the Comb. 
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Figure 1 The structures of the two cross-linking agents used. On the left the TIC, on the right the 
HMMM. 
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Figure 0 Structure of the basic resin. 
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Figure 3 positive SIMS spectrum of the TIC in the mass range m/z 0-500. 
 
 
 
 
 
 
Figure 4 High resolution peaks of characteristic component of the basic resin(a), the HMMM(b), the 
TIC(c) and the flow aid agent(d). 
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Tables 
 
Table 1 Air/coating surface compositions. 
 C O N Sn 
     
HMMM 69.6 29.0 1.4 - 
TIC 71.3 27.4 1.0 0.3 
Comb 69.6 28.0 2.4 - 
 
 
Table 2 Percentage of the various components of the C1s peaks. 
 Comb TIC HMMM 
    
Aliphatic C 21.4 27.0 21.2 
Aromatic C 11.2 11.9 11.5 
C-C=O 12.2 12.1 12.2 
C-O-C=O 10.0 8.9 10.5 
O-C=O 9.6 9.8 10.4 
C-O-C 1.4 - 1.4 
N-C-O 1.4 - 1.4 
C in HMMM ring 0.6 - 0.7 
C-N 1.0 1.0 - 
NN-C=O 0.5 0.5 - 
NO-C=O 0.5 0.5 - 
 
 
